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DISCUSSION OF PAPER BY
MERRIL EISENBUD*

CONRAD SIMON

Director
Environmental Programs Division

United States Environmental Protection Agency, Region II
New York, New York

D R. Merril Eisenbud's paper depicts dramatic reductions in concentra-
tions of sulfur dioxide and particulate matter in New York City over

the last decade. One could argue about the representativeness of the data
with respect to such factors as the location and relocation of monitors,
changes in the air-quality sampling methods over the years, monitoring
interferences from other pollutants, and the geographic coverage of a given
monitor. Nevertheless, the general reductions reported by Dr. Eisenbud
are significant enough in magnitude to outweigh the effects of any of these
factors, particularly when one examines trends in annual average concen-
trations as opposed to short-term maxima.

The Environmental Protection Agency (EPA) has confirmed that the
quality of New York City's air has improved considerably with respect to
sulfur dioxide and particulate matter by its recent affirmation that no New
York City site currently exceeds the primary, health-related ambient air-
quality standards for sulfur dioxide and particulate matter. Further verifi-
cation of the attainment of the primary ambient standards in New York
City must await full implementation of quality-assurance procedures to
address the efficacy of the method used to measure sulfur dioxide and the
location of monitors with respect to height and displacement from normal
breathing levels.

Reviewing trends in sulfur dioxide concentrations from 1970 through
1975 at three separate monitoring locations (Queens, upper Manhattan,
and lower Manhattan), our analysis confirms the overall citywide trends

*"Levels of Exposure to Sulfur Oxides and Particulates in New York City and Their Sources."
Presented as part of a Symposium on Environmental Effects of Sulfur Oxides and Related Particulates
sponsored by the Subcommittee on Public Health Aspects of Energy and the Committee on Public
Health of the New York Academy of Medicine and held at the Academy March 23 and 24, 1978.
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Fig. 1. Ambient SO2 trend analysis.

shown by Dr. Eisenbud at each location (Figure 1). A similar conclusion
can be drawn for total suspended particulate matter concentrations by
examining the trends at these same locations (Figure 2). The degree of
improvement varies from station to station and reflects the differing resi-
dential and commercial characteristics of the sites. When the New York
City experience is compared with other large cities, the general downward
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Fig. 2. Ambient TSP trend analysis.
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Fig. 3. Ambient SO2 trend analysis, Chicago, Ill.

trend in concentrations found since 1970 is duplicated in such cities as
Chicago and Philadelphia (Figures 3-6). The reasons for the reductions in
Chicago and Philadelphia are similar to those for New York: introduction
of low sulfur fuels to power plants, residential and commercial buildings,
and implementation of stricter controls on industrial and commercial
sources of particulate matter.

While the picture is quite encouraging with respect to sulfur dioxide and
particulate matter, it is equally distressing with respect to carbon monoxide
and photochemical oxidants, the other two conventional pollutants for
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Fig. 4. Ambient TSP trend analysis, Chicago, Ill.

Bull. N. Y. Acad. Med.

1016 C. SIMON

204

I

,12

11

CL I'
VQ -

lo1

70

1016 C. SIMON

I

I,



l~~ ~~~~DSUSO FPPR11

o ST 8
L\ 5T4I
A ST.It 11

12o0
e 10 \

(1 100 \@

6o
'fo
20

70 71 72 73 7f TT 76
Fig. 5. Ambient S02 trend analysis, Philadelphia, Pa.

which national ambient air-quality standards were set. Carbon monoxide
concentrations are shown (Table I) to exceed the national standards of 9
ppm. as an eight-hour average more than 75% of the time. On individual
days, eight-hour average concentrations have exceeded the national stan-
dard by a factor of three. Photochemical oxidant (ozone) concentrations in
New York City have exceeded the one-hour standard of 0.08 ppm. on 54
of the approximately 150 days between June and October (Table II) when
elevated oxidant levels could occur.

High concentrations of carbon monoxide and photochemical oxidants
are primarily attributable to the excessive use of motor vehicles in this area
and to lack of success in effectively controlling hydrocarbon emissions
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Fig. 6. Ambient trend analysis, Philadelphia, Pa.

when dealing with the automotive pollution problem. With the passage of
the 1977 Clean Air Act Amendments this situation may change.

The city does not appear to have a problem in meeting the current
annual average standard (0.05 ppm.) for nitrogen dioxide, but EPA is in
the process of setting a short-term standard for this pollutant and, depend-
ing on the level selected, control measures may have to be developed.

In addition to the five pollutants mentioned (i.e., sulfur dioxide, particu-
late matter, carbon monoxide, photochemical oxidants, and nitrogen
dioxide) there are a number of toxic and carcinogenic compounds which
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TABLE II. NEW YORK CITY AIR MONITORING SYSTEM ANNUAL AVERAGES
1973 THROUGH 1976 AND AIR QUALITY FOR CALENDAR YEAR 1976.

CONTINUOUS AIR MONITORING SITES
PHOTOCHEMICAL OXIDANTS (OZONE)-CHEMILUMINESCENCE

One-hour average
Maximum* No. ofdays

Annual mean not to with values
Station 1973 1974 1975 1976 exceed 0.08 ppm. exceeding 0.08 ppm.

ppm. Air quality-1976
ppm.

Bronx H.S. of Science 0.015 0.220 (110)t 27
Morrisania Health Ctr. - - 0.009 0.212 (59)t 16
Queens College - 0.021 0.200 (278)t 50
Central Park Arsenal - - 0.061 0.250 (204)t 41
Mabel DeanBacon H.S. 0.004 0.210 (53)t 8
Greenpoint Poll. Ctrl. 0.004 0.260 (188)t 30
Brooklyn Library - 0.006 0.233 (315)t 54
Sheepshead Bay 0.016 0.255 (33)t 6
51 Astor Place 0.015 0.012 0.009 0.009 0.164 (60)t 18

*Above air quality standards are identical with Federal EPA standards in that the maximum
one-hour standard of 0.08 ppm. is a value not to be exceeded more than once in any 12-month period.

tDenotes a violation of ambient air quality standards.
This is the maximum one-hour average that was measured during the period January I through

December 31, 1976. Number in parenthesis is the total number of one-hour averages exceeding 0.08
ppm.

are known or suspected to be emitted to the ambient air in the New York
area. Some have been identified and measured on a very limited basis;
most have not. Even for those that have been identified, definition of their
significance as threats to public health has been unsuccessful. These
pollutants and their impacts are currently the subject of extensive study by
EPA. Our findings will greatly influence future pollution-control strate-
gies.

In closing, I would like to describe briefly some work done by EPA to

characterize the trends in population exposure to pollution.
For a number of years the New York City Department of Air Resources

has depicted the city's air-pollution problem through isopleth maps (Figure
7), a technique that allows us to fill in data gaps between monitoring
locations and to predict expected concentrations of a given pollutant over

areas of the city not covered by monitoring stations. By combining this
information with information about the distribution of the general popula-
tion or selected segments of it, one can compute the percentage of the
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Fig. 7. Sulfur dioxide (ppm.) arithmetic average calendar year 1973. Aerometric Network,
Department of Air Resources, New York City. Underlined values represent averages for

less than a full year. Lines of constant concentration drawn for every 0.01 ppm.

city's population exposed to a given level of air pollution. EPA has
developed a computer model of the city (Figure 8) to do just this.

For total suspended particulates, the results show (Figure 9) that in 1970
60% of the population lived in areas which exceeded the national annual
standard for this pollutant. By 1973 air quality had improved to the point
that only 12% of the population was exposed to these levels. In 1976 all
areas were determined to have attained the standard so that in 1976 100%
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Fig. 8. Isopleth of annual geometric mean concentrations of total suspended particulates in
1970, 1973, and 1976.

of the population was in areas where no adverse health effects would be
incurred from existing concentrations of suspended particulates. A similar
analysis for sulfur dioxide (Figure 10) shows that as late as 1971 100% of
the population was exposed to air quality above standards. By 1973 this
figure had dropped to 80. On the basis of the 1978 data, the analysis
shows that 100% of the population was protected from adverse health
effects of sulfur dioxide.
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TOTAL SUSPENDED PARTICULATE ANNUAL CONCENTRATION. pg/m3

Fig. 9. Decrease in population exposed to total suspended particulates in New York-New
Jersey-Connecticut air quality control region, 1970-1976.
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The EPA study also examined the exposure of various sensitive seg-
ments of the population, including the elderly and school-age children, to
determine their exposure levels. The findings, as might be expected,
resembled that of the general population, and though this population
exposure technique needs much refinement, I believe its usefulness is
apparent.
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